mHealth is seen as the next stage of developing applications for information and communication technologies in the area of health care. This paper presents the evolution of mHealth systems and the results of the latest analyses of the effectiveness of mHealth interventions. Intensive mHealth development results from the near universal access to mobile devices, primarily smartphones, and devices that use sensory technologies. The great interest in mobile applications is reflected in the offer of online stores, which already provide many thousands of programs that can be installed on a mobile phone. Of the many possible mHealth applications, those supporting chronic diseases care and health promotion activities are regarded as the most promising. The growing interest in the area of mHealth is proven by the large number of publications that present syntheses of the available evidence. Although studies aimed at assessing the usefulness and effectiveness of health applications quite often raise doubts about the methodological quality, the significance of the analyses is positive. However, problems in maintaining the involvement of health users in mHealth solutions may be a cause for concern.
Introduction mHealth technologies are often regarded as the most innovative developments in the areas in health care and public health. Most authors agree that they provide great opportunities for enhancing health promotion, disease prevention and medical care. This seems to be confirmed by the study undertaken by Mechael and Slonisky under the auspices of the World Health Organization (WHO) and updated as part of the Millenium Villages Project in 2008 [1] . The general access to multi-functional mobile devices makes them an obvious choice for supporting the health of individuals in their daily lives.
Przygotowanie do wydania elektronicznego finansowane w ramach umowy 641/P-DUN/2018 ze środków Ministra Nauki i Szkolnictwa Wyższego przeznaczonych na działalność upowszechniającą naukę.
The potential, resulting from the use of telecommunications and information technologies in health care, has been noticed since the first half of the 20 th century. Admittedly, the technologies available at the time did not allow for the implementation of practical solutions, but the vision of the implementation of medical services "at a distance" was drawn in the imagination of people watching the technical developments. This is evidenced by the notion of a "telemedical station" shown on the cover of the journal Radio News in 1924 [2] or a device called a "teledactyl", described by Gernsback in the Science Invention journal in 1925 [3] . The more complex telemedicine systems first began to appear only in the mHealth technologies 1950s, thanks to the use of television, which rapidly grew in popularity and importance [4] . Paradoxically, the first definitions of telemedicine, stating that it is a form of providing medical services without direct contact by the participants, but using audiovisual transmission came as late as the 1970s [5] [6] [7] .
Progress in telecommunications and the development of the Internet have led to a situation in which access to elaborate telemedicine applications has become easier and more widespread. The potential of online technologies was soon noticed as being a method for the improvement of medical care and for the implementation of public health goals and health promotion. As early as 1999, using the analogy of e-commerce sector, the term eHealth was formulated, primarily meaning the provision of medical services via the Internet [8, 9] . However, as early as 2001, Eysenbach pointed to the significant relationship between the development of the eHealth area and public health. He defined eHealth as "an emerging field in the intersection of medical informatics, public health and business, referring to health services and information delivered and enhanced through the Internet and related technologies" [10] . However, many definitions of eHealth were formulated subsequently. Soon the concept gained much popularity and was used to determine a whole range of applications of information and communication technologies related to health and medical care. It seems that such an understanding of eHealth is now quite common, which has been confirmed by the definition used by WHO [11] . However, it is worth remembering that some authors attribute a broad meaning to telemedicine [12] , considering e-health as an area of business operations related to health. In this paper, the meaning of eHealth as confirmed by WHO is retained, whereas the concept of telemedicine, followed by many other authors, will be used for the solutions having a clinical context. Some authors treat eHealth as being a subsequent stage to telemedicine in the development of telecommunications and information technologies in the sphere of health and medicine. Following this trend, it can be said that the next stage of evolution after eHealth is mHealth. This perception of mHealth may be misleading because this concept appeared almost in parallel with eHealth. As early as 2000, Laxminarayan and Istepanian used the term "unwired e-med" with reference to the next generation of "wireless and Internet telemedicine systems" [13] . It is worth remembering that, despite the first attempts to create a wireless telephony network in the 1950s, the first commercial systems were available only at the beginning of the 1980s. The first fully automatic first generation cellular telephone system was launched in 1981 in Scandinavia with the second generation introduced in Finland in 1991. The first smartphone is considered to be the Nokia Communicator device from 1996, which enabled access to the Internet and the wireless sending of e-mails [14] . It should also be remembered that the set of standards referred to as Wi-Fi (from wireless fidelity), used to build wireless computer networks, appeared on the market in 1999. The widespread development of local networks using radio communication is related to the development of the IEEE 802.11 standard used in products marked with the Wi-Fi trademark [14] . Thus, it can be concluded that the dynamic expansion of the Internet has overlapped the development of wireless communication and has led to the development of new applications such as mHealth. Laxminarayan and Istepanian soon appreciated that wireless connectivity, with the ability to send large volumes of data, could shape a new model of medical care based on the increased participation of citizens and patients [13] . Among the basic benefits resulting from the implementation of such a model of care, they pointed out the speed of emergency response, the flexible and quick access to specialist advice at the place of care, the support for interactive medical consultations, the possibility of sending medical images and video recordings, the management of medical services in areas suffering from a lack of access to medical care and finally the improvement of care in emergency medicine, especially in the case of natural and man-made disasters [13] . In 2003, Istepanian and Lacal defined mHealth as "the use of telecommunications and multimedia technologies in mobile and wireless systems for the provision of health services" [15] . A year later, Istepanian also stated that mHealth means the use of "mobile data processing, medical sensors and communication technologies in health care" [16] . The review published under the auspices of WHO in 2008 indicated that the development of mHealth systems required the crucial use of the opportunities offered by the new generations of mobile communication (GPRS, 3G and 4G systems) as well as of the global positioning system (GPS) and Bluetooth technology [1] . Many authors perceive mHealth as a great opportunity to improve health services. These expectations result from the attributes of mHealth systems, such as interactivity, multi-directional communication, personalisation, the lack of time constraints, sensitivity to the context and its availability and ubiquity [17] . The development of mHealth systems is fostered by the trends observed in modern health care systems, including the emphasis on evidence-based strategies, personalisation of health interventions, development of coordinated or shared care as well as the independence and activation of patients.
The evolution of mHealth solutions
The history of mobile devices dates back to the 14 th century. It is believed that the first watch worn by a user originated in 1511 [18] . Undoubtedly, there was a very long wait for further progress in this area [19] . In 1972, the first digital watch with a liquid crystal display (LED) was produced by Hamilton/Pulsar. Multifunctional devices worn on the wrist, but without access to wide area networks were popular in the 1990s. In the early 2000s, multifunctional devices providing access to the network became available. Since then, advances in the wearable technologies, also known in Poland as "nosidła" [20] have been very rapid. The progress has been associated with the development of sensory technologies which are able to measure various physiological parameters [19, 21] .
mHealth technologies
Another significant breakthrough in the development of mobile applications was the introduction of devices using the 3G and 4G mobile networks for data transmission [14] . mHealth has been included in the vanguard of applications using the new opportunities offered by telecommunication. Consequently, the requirement for having access to health and medical services "everywhere and at any time" could be fully implemented.
The smartphone has become the symbol of mobile technologies used for health care. Its popularity arises from it being a portable device providing constant access to the Internet, as well as having the computing power to manage the complex applications needed by doctors and patients. In addition, it is a multifunctional device being used for various purposes and is usually in the user's possession throughout the day. It is also important to realise that there are ever more medical mobile devices on the market which can cooperate with smartphones, e.g. sensors for measuring glycemia, or for measuring physical activity. In most cases, users do not part with their smartphones and, therefore, they can be used to collect data about their owners in their normal environment in real time (ecological momentary assessment, EMA). This area of applications is becoming increasingly important for planning effective interventions because the data obtained in this way has greater credibility [22] .
The widespread availability and use of smartphones is leading to greater access to mHealth applications than to the previous solutions of eHealth and telemedicine. In many countries, the number of smartphone users is growing rapidly and is equal to those using the stationary Internet. According to Newzoo report in 2018, smartphone penetration exceeds 50% in most European countries, from 53.8% in Romania, to 82.2% in the United Kingdom, and in Poland 64.0% [23] . Forecasts show that the market size of mobile medical applications will grow from 2.4 billion USD in 2017 to 11.2 billion USD in 2025 [24] .
The Research2Guidance report published in 2017 states that 325,000 mHealth applications were available in the Google PlayStore store [25] . The estimated number of downloads of these applications by smartphone users was 3.7 billion in 2017. Clearly, the number of actual users of mobile applications is much lower, but enthusiastic business reports rarely indicate the potential user's disappointment with the installed software. This may also be confirmed by the same report stating that the supply of mHealth applications exceeds the demand. In addition, this sphere is characterised by high atomization as most applications are downloaded from online stores less than 5,000 times [25] .
The development of the mHealth field is in harmony with the requirements proposed in relation to modern health care. The key strategies emphasise support for the independence of patients coping with a chronic disease. Mobile solutions are perfectly suited to the implementation of this strategy. A typical model of the mHealth system is founded on the possibility of access to health services based on Internet technologies without any restriction on time or place. As a result, different users can access health resources, such as electronic medical records, the systems to monitor symptoms and ailments, to facilitate managing a disease, or to support a healthy lifestyle and fighting addictions, without the limitations which exist in the traditional medical care and public health systems. For example, a doctor and other health care professionals can access the data generated by the patient virtually in real time. If the organisation of services allows it, the patient, in an emergency, can immediately ask for help from the doctor or his/her guardian in the system.
In 2011, the WHO published a compendium of the most promising new technologies, commercialised, or still at the development stage, which could meet the world's greatest health challenges [26] . Many of these technologies are mobile solutions, mostly based on the use of mobile telephony. The development of the applications highlighted by the WHO are for monitoring a patient's oxygen saturation of arterial blood, monitoring the activity of a foetus's heart, keeping health records of a child infected with HIV, transmitting images for diagnostic purposes and consultations with a doctor. According to the recent Research2Guidance report, the most attractive areas for companies developing mobile applications are communication with a doctor, diabetic and cardiological care, compliance with pharmacotherapy, health promotion and physical fitness, improvement of hospital performance and support for mental health [25] .
Areas of mHealth applications
mHealth applications can be considered from the perspective of users, the available functionalities, medical specialties and the public health areas in which they are used. According to the authors of this paper, the key activities of mobile technologies in health care and public health include:
• monitoring of environmental conditions; • monitoring of epidemiological phenomena; • monitoring of disease development; • supporting the treatment process;
• communicating between the health care worker and the patient, or between the health care professionals; • promoting a healthy lifestyle; • combating addiction.
The review of the previously referenced literature by Mechael and Sloninsky was intended to show the potential of the mHealth area and to systematise knowledge. According to the authors, the strongest trends in the development of mHealth applications are focused on areas like: emergency response, disease surveillance and control (e.g. malaria, HIV infection, tuberculosis, chronic diseases), coordination, management and supervision of human resources, mobile telemedicine in synchronous and asynchronous mode, support for decisions of clinicians in the place of care, remote monitoring and patient care, support to health including health promotion and community mobilization monitoring and reporting of health services, sharing m-learning resources regarding public health and supporting the continuous education of medical staff [1] . The same study included a list of the types of mobile technologies relevant for mHealth, spe-mHealth technologies cifically mobile phones, personal digital assistants (PDA) and smartphones, devices for monitoring a patient's condition, mobile telemedicine devices providing telecare and mobile computing [1] .
The Global Observatory for eHealth report, published in 2011, presented the results of a world survey of eHealth [27] , which identified 6 activities implemented with the help of mHealth systems:
• communication between people and health care facilities (call centres with help lines); • communication between the health care institution and a person or patient (compliance with therapeutic recommendations, reminders about appointments, mobilisation of the community, disseminating awareness of health issues); • consultations between health care professionals (for the purposes of the survey, this type of communication was defined as mobile telemedicine); • inter-sector communication in emergencies;
• health monitoring and supervision (mobile surveys, supervision, patient monitoring); • access to information for health care workers in the place of care (information systems and decision support, patient documentation). These activities differ from the results of earlier analyses based on scientific publications, which probably results from the rules governing the preparation of a survey addressed to the global community. The results of the survey show that the most common forms of health services implemented on the basis of mHealth solutions in the studied countries are call centres with help lines (59%), free telephone services for emergency calls (55%), emergency communication (54%) and mobile telemedicine applications (49%) [27] .
For the purposes of a systematic review aimed at assessing the effectiveness of mHealth technology in improving health and health services, Free et al. proposed a division of mobile interventions focusing on a target group. According to this division, for the group of people carrying out research on health issues, mobile applications that collect data will be the main interest. In addition to these applications, healthcare professionals can also use solutions that support education and access to medical records. The applications used by both health care professionals and patients include those that enable the results of diagnostic tests to be sent, monitoring the course of a disease and supporting decision-making.
Applications designed mainly for patients are those that enable reminders of appointments to be sent, establishing a treatment plan, supporting the management of a chronic illness and increasing cooperation in taking prescribed medications. Patients and the members of a given population can use the applications that support behaviour modification, or deal with sudden health situations, such as those requiring first aid or posing a health threat. Mobile applications make it also possible to target the whole society with campaigns having health promotion objectives [28] .
A systematic review carried out by Fiordelli et al. [29] considered the development of applications for mobile phones based on the analysis of publications describing the results of research on the impact of these devices on health outcomes. The authors focused on papers containing the results of testing mobile applications from 2002 to 2011. The number of publications meeting the review criteria increased from 1 to 30, of which the most popular, 63.2%, were mobile applications designed for the need of care in cases of chronic diseases. 18.8% of applications supported preventive actions and the wellbeing of users and 17.9% of reports were applicable for acute situations. Of the papers covered by the review, the results of testing applications for patients with diabetes were found in 20.5%, supporting the management of obesity and overweight in 13.7%, mental health in 12.8%, and helping to quit smoking in 8.5%. The review also summarised the mobile functionalities employed. Text messages were used in 49% of the applications and ad hoc functions for specific diseases and health problems in 32%. Devices that cooperate with mobile phones (referred to as "add-ons"), e.g. a glucometer for measuring glycemia or a pedometer for measuring physical activity, were used in 12% of the applications. Voice calls (10%), video transmission (6%) and multimedia messaging (3%) were less frequently used. The authors also distinguished seven main areas of impact of the assessed mobile applications. The majority of applications were aimed at gaining the benefits of health promotion (38%) and independence when dealing with a disease (33%). Applications were used less frequently for communication improvement (22%), remote monitoring (21%), data collection (21%), improved cooperation (20%) and training and education (13%).
The review prepared by Ali et al., which was published three years later, also attempted to evaluate the evolution and current state of research on mHealth, but less restrictive criteria were applied [30] . In addition, the review included articles published up to January 2015. As a result, the analysis covered as many as 515 publications. The authors distinguished three stages in the development of mHealth applications: the first, until 2006, in which PDA devices dominated; the second, from 2007 to 2012, in which mainly the basic functions of mobile phones were employed and finally the period after 2012, in which smart devices dominated (smartphones, tablets with touch screens). Six main goals of mobile interventions were identified: health promotion, disease prevention, diagnostics, treatment, monitoring and support of health services. In the first stage of mHealth applications development, 51.5% aimed at supporting health services and 33.3% focused on monitoring. None of the applications developed during this period was aimed at health promotion and disease prevention. In the second period, most applications were for monitoring (30.1%) and health services support (25.9%). Diagnostic applications accounted for 17.1%, treatment applications for 16.1% and those for health promotion and disease prevention, only 10.9%. The final stage of the development of the mHealth applications was characterised by the continued domination of the two most popular goal-oriented applications: those supporting health services, 25.3%, moni-mHealth technologies toring, 23.2%. However, applications related to health promotion and disease prevention increased to 14.2%. After 2012, in the last period of mHealth development, of the mobile applications relevant to disease states or health situations 57% related to non-communicable diseases and only 11.1% to infectious diseases, whilst those not related to a specific type of disease accounted for 14.5%. Of the types of technologies used in this last stage of development of mHealth, 48.4% of applications were installed on a mobile device, 19.7% SMSs, 6.2% automatic sensors and 4.5% various forms of telephone conversation and video conferencing. In 9.7% of solutions, a mobile device was used to record, display, analyse and/ or transfer medical images and video material.
The most promising modern technologies include wearable devices. Health protection and public health are the key areas of their application, in addition to their use for communication, entertainment or business operations [31] . The wearable devices can be divided dependent on how they are worn [32] . For example, the wearables placed on the head include wireless headphones, sports or industrial helmets with headphones, a microphone, GPS location and display, contact lenses containing sensors for measuring glycemia, glasses enabling the display of information and application interfaces installed on the smartphone, implanted microphones referred to as "throat tattoo" which give voice commands, virtual reality helmets and augmented reality kits. One of the most popular places for wearing technology is the wrist or forearm. One can wear devices that look like a watch but are in fact portable voice activated computers, applications to monitor physical activity such as running, devices controlling other aspects of physical activity and devices for GPS location. Other examples include implantable subcutaneous RFID sensors with numerous applications such as door opening, shopping or accessing computers. Practically, wearable technology devices for specific applications can now be fitted to each part of the human body. Furthermore, swallowing devices, which have long been used in for gastroenterological diagnostics, could possibly be classified as wearable items.
Assessment of the effectiveness of mHealth systems
The results of secondary studies on the efficiency and suitability of mHealth applications in various areas are discussed below. As the number of papers on interventions with the use of mobile technologies in health care and public health, published in recent years, is very large, only the results of the most recent systematic reviews are presented. Since the following review of secondary research is selective, it does not enable definitive conclusions on the possibility of using mHealth solutions in specific fields to be made. The authors tried to show how the interest in mHealth in medical and public health environments has been raised, the size of the scope of mobile solutions and what kind of measures of effectiveness are used in such interventions. Because of the overwhelming number of publications of a synthetic character, the authors restricted themselves to presenting mainly the
Health promotion and disease prevention
A broader view of the trends in the development of mHealth solutions shows that health promotion is a particularly important area for their application. There is a huge number of mobile applications available in online shops that aim at propagating a healthy lifestyle, changing health behaviour and combating addictions. The search for publications that bring the synthesis of evidence leads to the conclusion that there is much research on interventions targeting lifestyle modification which make use of mobile technologies. This is evidenced by review studies assessing the effectiveness of such interventions being updated every year.
In 2015, a systematic review was published, in which an attempt was made to describe mobile applications used to modify behaviour [33] . The review included 24 studies mainly focusing on the assessment of usefulness and piloting small groups of participants. All the studies evaluated interventions that were developed on the basis of well-defined theories or strategies for changing behaviour and in 18 of the studies the intervention included self-monitoring. The interventions also included sending guidelines, feedback support for participants (9 studies each) and social support (7 studies). It is worth noting that the retention of participants, defined as a percentage of participants who remained in the study during the intervention and the observation period following the intervention, was 79.6% in the analysed research, but significantly different to individual studies which varied from 29.0% to 100.0%. The effectiveness of mobile applications in achieving the intended goals was high. The effectiveness was confirmed in 8 out of 10 studies aimed at increasing physical activity. Of the 10 studies aimed at reducing the body mass index (BMI) or achieving weight reduction only one did not achieve the desired result. In three studies on depression, the symptoms of the illness were reduced. Two applications focused on combating alcohol addiction, one proved to be effective in reducing the number of days of risky drinking, and the other had no beneficial effect. In many studies, mobile applications were part of complex interventions rather than isolated activities.
In 2015, Hall et al. published a systematic review of reviews, which included 15 systematic reviews and meta-analyses published between 2009 and 2014, aimed at determining the effectiveness of interventions to improve health and change behaviour using text messaging (SMS) [34] . 228 studies on mHealth interventions aimed at modifying health behaviour concerning health promotion, disease prevention or self-management of chronic disease were analysed. It was confirmed that most of the interventions involving the transmission of text messages were effective in cases of the self-management of diabetes, weight loss, support for physical activity, the fight against smoking and for adherence to the pharmacother-mHealth technologies apy recommended for AIDS. Unfortunately, the analysed interventions were characterised by high heterogeneity, which made it impossible to formulate recommendations with regard to the characteristics of the intervention. The long-term effects of such interventions are not known.
Dale et al. presented the results of a systematic review assessment of the effectiveness of mHealth interventions intended to modify a patient's behaviour related to lifestyle and compliance with a pharmacotherapy for treating cardiovascular disease [35] . Seven studies published by March 2015 were included in the review. In 5 out of 7 studies, it was demonstrated that mHealth interventions had beneficial effects by modifying behaviour. This was observed in the studies which evaluated the increase in physical activity and compliance with pharmacotherapy. However, no benefits were found for the interventions aimed at changing eating habits and alcohol consumption, or those aimed at the cessation of smoking. In four of the studies reviewed, clinical indicators were also evaluated, and in five studies -psychological indicators. In the first group, the beneficial effect of mHealth interventions involving the reduction of blood pressure was confirmed in two out of three studies. The interventions had no effect on blood lipids, BMI or on physical and functional fitness. In the second group of indicators, there was no reduction of anxiety and depressive symptoms, but in two of the three studies, the quality of life of the participants improved. The level of self-effectiveness increased only in one out of three studies of this characteristic.
In 2018, the results of a systematic review focusing on the effectiveness of mobile interventions made via a smartphone, which targeted the cessation of smoking, increased physical activity, a rational diet and reduction of alcohol consumption were published [36] . The analysis included 71 individual randomised controlled trials, of which 18 related to cessation of smoking, 44 to increased physical activity, improved diet or both, 2 to increased physical activity, improved diet and smoking cessation and 8 to the reduction of alcohol consumption. Mobile interventions used text message communication, telephone conversations, an interactive voice response system, applications installed on the phone, or a combination of these solutions. The collective analysis of the results showed that support by SMS increased the frequency of success in ceasing smoking. The review authors confirmed that mobile interventions aimed at improving the diet and increasing physical activity led to beneficial changes, although the magnitude varied. However, the assessment of the effects of interventions aimed at reducing alcohol consumption was not explicit.
The effectiveness of mobile applications in the field of modifying health behaviour was confirmed by Han and Lee [37] . Their review analysed 20 papers published between 2014 and 2017 giving the results of randomised controlled trials, related to a very wide range of health behaviour. The authors identified 12 areas: physical activity, alcohol consumption, smoking, diet, weight loss, compliance with medical recommendations, preparation for medical procedures, treatment of post-traumatic stress disorder, education during pregnancy, prevention of suicide, prevention of ischemic heart disease and knowledge about women's screening tests. In 16 of the 20 studies, the beneficial effects of mobile applications targeting health behaviour and clinical indicators were confirmed.
A small beneficial effect of interventions using mobile technologies to engender adherence to the principles of healthy eating was described by McCarroll et al. [38] . This was achieved in 5 of the 8 studies included in their analysis, in which nutritional habits were evaluated. In addition, 5 out of 13 studies showed a beneficial effect in terms of weight loss. Only randomised controlled trials published up to July 2016 were included in the review. Attention was drawn to the low quality of the research, which is a frequent situation in the case of a synthesis of the available evidence.
A meta-analysis, published by Cotie et al. assessed if eHealth interventions had an effect on the physical activity and obesity of women during their professional work [39] . The results of 20 out of 60 tests qualified for the review were included in the meta-analysis. The collective summary of the effect of eHealth interventions, many of which were implemented using mobile technologies, showed a statistically significant effect in increasing physical activity, but not on the indicators related to obesity (waist circumference, body weight, BMI).
The systematic review of Overdijkink et al. [40] gave an ambiguous assessment of the employment and effectiveness of mobile applications during pregnancy. The authors analysed 19 studies on shaping patients' lifestyle during pregnancy. In 14 of the 15 studies the usability of mobile applications was demonstrated. The interventions based on the use of mHealth solutions were effective in reducing excessive weight gain during pregnancy, increasing the consumption of fruit and vegetables and reducing smoking. The overview also provided the analysis of the results presented in 10 papers on the effectiveness of mobile interventions regarded as medical. They were focused on improving care in bronchial asthma, the treatment of diabetes and encouraging vaccination. In general, these studies did not show any benefits from the interventions, but an analysis undertaken on such a small number of individual studies would indicate that they were too small to reliably confirm any effectiveness.
The above review and that undertaken by Daly et al. [41] came from the journal 'JMIR mHealth and uHealth' and the systematic review of these authors had a similar goal. The aim was to determine the effect of mobile applications on health behaviour and health indicators in the perinatal period of pregnancy. It included only 4 randomised, controlled trials in which 456 women participated. In all studies, a relatively minor beneficial effect of mobile applications on primary indicators was demonstrated, including physical activity, the control of asthma symptoms, improvement of the stage of change (transition from a contemplation stage to a support stage according to the transtheoretical model), or the degree of the use of applications for seeking information about pregnancy and the level of patient activation.
mHealth technologies

Chronic diseases
Improving care in chronic diseases has become a huge challenge for modern health care systems caused by the high financial and organisational demands associated with the services provided to patients with such conditions. It must be recognised that the occurrence of chronic diseases increases with age, and in many countries the increasingly aging population dominates. Therefore, there is a very significant interest in eHealth and mHealth systems that offer functions supporting patients' independence in coping with the disease; long-term monitoring of the disease based on independent measurements and observations; compliance with recommendations, especially in relation to pharmacotherapy; or easier communication with a doctor and other health care professionals. Selected studies on the effectiveness of interventions using mHealth solutions in many, or in single, chronic diseases are presented below.
In 2016, Whitehead and Seaton published the analysis of studies assessing the effectiveness of mobile applications installed on phones and tablets for improving the treatment of chronic diseases [42] . The review includes nine papers published in the period from 2008 to 2014. All papers presented the results of randomised, controlled trials, in which mobile interventions were compared with standard care (8 studies) and, in one case, with an offline support program for self-management of a chronic disease. The chronic diseases considered were diabetes (5 papers), chronic lung diseases (3 papers) and a cardiovascular disease (1 paper). In all studies, the effectiveness of interventions was evaluated using indicators specific to the particular diseases. In 6 of the 9 studies, a significant impact of interventions on the primary indicators was found. Significant improvements in indicators typical for diabetes (HBA1c glycated hemoglobin) were found in four studies, two for type 1 diabetes and two for type 2 diabetes. In one study on patients with a cardiovascular disease, an improvement in the key clinical indicator was found (6-minute-walk test) in both subgroups subjected to active interventions. In the studies involving patients with respiratory diseases, a significant improvement in a respiratory function was demonstrated in one study on chronic obstructive pulmonary disease and in one of the two studies on bronchial asthma.
Beratarrechea et al. analysed the effects of interventions based on mHealth-related applications in chronic diseases in developing countries [43] . The analysis included 9 reports describing the results of randomised controlled trials. The results of the analysis confirmed the beneficial effect of mobile applications on measures related to the course of chronic diseases, visits to the doctor, clinical indicators and health-related quality of life. The cost effectiveness of this type of application was confirmed. Mobile technologies used in the interventions included text messaging, applications installed on smartphones and games, some of them associated with the use of wireless sensors. The authors of the review stated that strategies based on mHealth did not directly affect indicators related to obesity, such as BMI, but they led to increased physical activity, changes in diet and behavioural changes having an effect on body weight.
Cardiovascular diseases
Coorey et al. carried out a systematic review, in which the effectiveness, level of acceptance and usefulness of mobile applications to support patients' independent activities and self-management in cardiovascular diseases were evaluated [44] . The analysis included 10 studies with various methodologies such as open label randomised, controlled and uncontrolled trials, with the assessment before and after the intervention. These studies involved 607 patients with hypertension, heart failure, stroke or those participating in cardiological rehabilitation programmes. The beneficial impact of interventions based on the use of mobile technologies was based on the frequency of re-hospitalisation, quality of life, psychological well-being, blood pressure, BMI, waist circumference, blood cholesterol, exercise capacity, knowledge about the disease, compliance with pharmacotherapy and effectiveness of attempts to stop smoking. The key functionalities of mobile applications used in the studies included tracking health behaviour, self-monitoring of ailments, education about the disease and access to personalised content.
In 2018, the work of Liu et al. was published, in which the results of using mobile applications for the rehabilitation of patients suffering from ischemic heart disease were analysed [45] . 8 studies were included in their review which assessed the impact of mobile applications on the level of physical activity, adherence to the established treatment, the cessation of smoking, the level of anxiety and quality of life. According to the authors the results were inconsistent because of the significant limitations of individual tests, e.g. a small sample size, a too short observation period or too many patients withdrawing from the study. Out of 5 physical activity assessments, only two showed a beneficial effect. Two out of 4 studies confirmed the improvement of pharmacotherapy compliance, but only 1 of the 2 studies assessing smoking cessation showed any significant beneficial effect.
The usefulness of mobile applications to improve independence in the treatment of hypertension was analysed by Alessa et al. [46] . The authors reviewed 21 studies conducted on 3,112 patients. Of 14 studies aimed at reducing blood pressure, a significant benefit was confirmed in 10 cases: of which 6 were randomised controlled trials and 4 non-randomised trials. The authors of the review suggested that mobile applications that offer more functions may be more effective in reducing blood pressure. In virtually all cases, the study participants accepted the mobile applications and considered them as easy to use.
A systematic review published by Carbo et al. showed that the use of mHealth systems leads to beneficial effects related to the use of health care resources, costs and mortality in patients with heart failure [47] . In this review, 10 randomised controlled trials and one quasi-experimental study, involving 3,109 patients from North America mHealth technologies and Europe, were analysed. Most of the study participants were monitored daily and controlled for an average of 6 months. Authors of the review found a significant reduction in the number of days spent in hospital due to heart failure. Statistically a non-significant reduction in expenses related to the disease, the number of hospitalisations, general mortality and disease-related mortality were also demonstrated. For various reasons there were no significant differences in the number and length of hospitalisations.
Respiratory system diseases
Most reports on the effectiveness of mobile applications in chronic obstructive pulmonary disease (COPD) and bronchial asthma related to their impact on the patients' greater independence and their ability to cope with the disease. High expectations were also associated with the use of eHealth systems in the care of patients with COPD. However, the latest systematic review prepared by Yang et al. may be disappointing [48] . Admittedly, the authors found that the trials they analysed may indicate a lower risk of hospitalisation in patients with COPD using applications installed on a mobile phone, but they failed to confirm the reduced periods of hospitalisation in the group using mobile solutions when compared to a group treated by standard methods. The systematic review included 8 studies in which interventions based on mobile applications enabling the recording and monitoring of physiological parameters (saturation of arterial blood oxygen, heart rate, blood pressure), physical activity (number of steps) and health behaviour (diet, the level of physical activity, taking medicines) were assessed. The assessment of the frequency and length of hospitalisation was based on the data from 6 trials for which the required information was available.
Miller et al. published a systematic review and a meta-analysis on the use of mobile technology interventions that support the independence of patients with bronchial asthma [49] . The review included 11 studies and the meta-analysis 9 studies. The results of the analysis revealed that mHealth interventions led to greater benefits in the field of pharmacotherapy and clinical effects compared to standard care. However, mobile interventions did not bring greater benefits than monitoring based on paper documentation of symptoms.
10 studies were appropriate for a systematic review prepared by Farzandipour et al. [50] . This review shows that mHealth applications led to better control of asthma symptoms (5 studies), lung function (2 studies) and quality of life (3 studies). There was no statistically significant increase in patients' self-efficacy (2 studies). The economic effects of the use of mobile applications were not unambiguous.
In 2018, a review was published regarding the suitability of applications installed on smartphones that encourage teenagers suffering from bronchial asthma to manage their own disease [51] . The analysis included 8 studies using very different methodologies. The trials included in the studies were very limited as they were restricted to 21 patients. Nevertheless, the authors emphasized the beneficial effect of interventions using mobile applications in respect of better control of bronchial asthma symptoms, compliance with therapeutic recommendations and greater self-efficacy.
The meta-analysis prepared by Xiao et al. evaluated the effectiveness of mHealth interventions in supporting the self-management of the disease in patients with bronchial asthma [52] . The meta-analysis of 18 studies showed that interventions with mHealth solutions led to better control of asthma symptoms, greater adherence to therapeutic recommendations, less frequent exacerbation of the disease and hospital admissions than with standard care.
Diabetes
In 2016, Hou et al. published the meta-analysis of 14 randomised clinical trials on the use of applications installed on mobile phones to improve the care of patients with diabetes [53] . 1,360 patients participated in the 14 studies. In all the studies in which patients with type 2 diabetes participated, a reduction in HbA1c occurred. The average reduction in its level in the patients using the mobile application was higher by 0.49% than in a control group. Greater benefits were found for younger patients and in cases where the use of the application was associated with the feedback information sent by health care professionals.
After analysing 20 studies on the use of mobile applications in type 2 diabetes Fu et al. concluded that despite reported significant problems with the usability of this type of solutions, they may lead to better glycemic control [54] . In the analysed studies, clinical efficacy was assessed on the basis of HbA1c measurements -a reduction in its level by 0.15% to 1.9% was observed. More optimistic results were obtained by Bonoto et al. [55] . The authors included 13 randomised, controlled trials in which 1,263 patients participated in their meta-analysis. 6 studies showed a statistically significant reduction in HbA1c in the intervention group using a mobile application.
In 2017, an overview of systematic reviews focused on the assessment of the effectiveness of mHealth interventions in diabetes was published in the PLoS One magazine [56] . The authors, Kitsiou et al., analysed 15 systematic reviews of varying quality published between 2008 and 2014. They showed that interventions using mHealth solutions led to better control of glycemia compared to standard care or other interventions which did not make use of mHealth applications. The mean change in HbA1c concentration in patients with type 2 diabetes was higher by 0.8% after using mHealth application and by 0.3% in patients with type 1 diabetes in the short-term perspective of 12 months.
In the same year, Wang et al. published a systematic review of the effectiveness of mHealth interventions in supporting independence and treatment of obesity and diabetes [57] . 24 papers from the years 2000-2016 were reviewed, in which the primary efficacy indices mHealth technologies were weight loss or lowering the level of glycemia (evaluated on the basis of HbA1c). Interventions used in individual studies varied in length from 1 week to 24 months. According to the authors, more than half of the studies showed beneficial effects of interventions in relation to these primary indicators, but their limited size and quality did not enable credible recommendations to be made.
Mental health
The latest systematic review of the effectiveness of mobile applications in monitoring and treating symptoms of mental illnesses was published in 2018 by Wang et al. [58] . The authors selected 17 papers for the review, which described 16 mobile applications designed for people suffering from anxiety or stress, alcoholism, sleep disorders, depression, post-traumatic stress disorder (PTSD) and those exhibiting suicidal behaviour. Randomisation of participants for intervention was carried out only in 5 of the studies. In the opinion of the authors, a clinically significant reduction in the severity of symptoms or mental illness was demonstrated for 14 of the tested applications.
Medical rehabilitation
An important area where mHealth systems can be applied is rehabilitation. Physiotherapists may use a range of functionalities offered by mobile systems in their work [59] . These include monitoring the effects of exercise at home undertaken by the patient, collecting the measured reliable indicators and physiological parameters, correcting the posture and mechanics of body movements during exercises performed by the patient, providing educational materials and sending motivating messages to the patient. The importance of having access to intervention resources based on scientific evidence was stressed.
Multiple Sclerosis (MS) is an example of a condition that requires long-term support by a physiotherapist. In the meta-analysis of 11 randomised controlled trials conducted by Rintala et al., the authors assessed the effectiveness of telerehabilitation for patients with MS using tools such as the Internet, telephone, pedometer and video games requiring physical activity [60] . Although mobile solutions were not a priority of this study, it is worth emphasising that communication by telephone was an important element of the intervention. In 4 studies a mobile phone was used in conjunction with a pedometer. The cumulative result of the analysis indicated the significant beneficial effect of telerehabilitation on the physical activity of people suffering from MS.
HIV
A systematic review published in 2017 by Conserve et al. showed that text messages could induce people from a vulnerable population to undergo HIV testing [61] . The review was based on surveys carried out in countries with a medium to high national income.
The review of Amankwaa et al. showed that interventions based on text messaging led to an improvement in the use of anti-retroviral therapy in people infected with HIV [62] . Interactive voice response (IVR) did not have the same effect. The review was based on 13 studies and the accompanying meta-analysis was conducted on 11.
Limitations
It must be emphasised that, despite the high expectations resulting from the use of mobile technologies in health care and public health, the potential benefits may be limited by at least several factors. The most important problems include the limited retention of mobile applications and wearable technology devices, the availability of a very large number of solutions of unknown value causing problems in selecting the most effective application and the lack of validation of the options offered by the health care or public health systems.
The key limitations identified by some authors are problems associated with the initial engagement and maintaining the involvement of the users of the mobile technologies to whom the interventions are addressed [63] . A significant percentage of the users of mobile health applications abandon them after only two weeks [64] . Similarly, 2 weeks is the period after which up to 50% of users part with wearable technology devices [65] .
In response to some disappointment observed in the applications of mobile and wearable technologies in the area of health protection, health promotion and lifestyle support, some authors try to formulate principles of good practice in the design of such systems [66] . These recommendations include:
• limiting the scope of interaction required from the user; • avoiding the enforcement of new behaviour and instead enabling the user to make adjustments on the basis of new information or the possibilities offered by the wearables; • using the potential of networking by increasing the number of people using wearable technology devices, data bases, other devices, systems, services and software; • avoiding the overload of the users with the volume of information; users may have problems using the information during short interactions with a wearable device; • functionalities that send reminders, alarms and contextual information should be developed very carefully; • the ability to communicate seems to be more important than the desire to display the data.
Conclusions
The evaluation of the suitability and effectiveness of mobile solutions is hampered by the lack of a uniform evaluation methodology. This is confirmed by the analysis carried out by McKay et al. in relation to mobile applications aimed at modifying health behaviour [67] .
mHealth technologies
It is clear that mobile technologies are of great interest to health care and public health employees, patients and citizens. However, as in many areas subjected to a rigorous assessment, in the search of evidence justifying the application of interventions to improve health or cure diseases, there is some disappointment with the quality of the available evidence. Many studies are driven more by the enthusiasm of people fascinated by technological progress than a rational consideration of the benefits gained. The authors of this paper did not intend to carry out a systematic review of systematic reviews, but rather attempted to show what the results of the latest collective studies indicate about the possibilities of mHealth technologies. It is worth emphasising that for at least 3 years many systematic reviews and meta-analyses have been published each year, relating to the effectiveness of mHealth in various areas. Currently, a mobile phone, usually a smartphone, is a personal device that allows the implementation of many functions essential for one's life and work. Its multi-functionality, combined with continuous access to the Internet and the possibility of adding additional peripheral devices, e.g. intelligent sensors, makes it an almost perfect tool at the current stage of technical development for supporting health-related behaviour and monitoring health conditions. The results of the reviews cited here are not always optimistic. In part, this is probably because the testing methods are imperfect and, partly because of the existing objective restrictions on the use of mobile technologies in the health context. In addition, much depends on the group targeted for mHealth interventions. However, it would appear that there is no turning away from mHealth developments and the reasonable scenario lies in the optimum use of its full potential, rather than questioning its significance.
